Background/Objectives: Living in socioeconomically disadvantaged neighbourhoods is associated with increased risk of a poor diet; however, the mechanisms underlying associations are not well understood. This study investigated whether selected healthy and unhealthy dietary behaviours are patterned by neighbourhood-socioeconomic disadvantage, and if so, whether features of the neighbourhood-nutrition environment explain these associations. Subjects/Methods: A survey was completed by 1399 women from 45 neighbourhoods of varying levels of socioeconomic disadvantage in Melbourne, Australia. Survey data on fruit, vegetable and fast-food consumption were linked with data on food store locations (supermarket, greengrocer and fast-food store density and proximity) and within-store factors (in-store data on price and availability for supermarkets and greengrocers) obtained through objective audits. Multilevel regression analyses were used to examine associations of neighbourhood disadvantage with fruit, vegetable and fast-food consumption, and to test whether nutrition environment factors mediated these associations. Results: After controlling for individual-level demographic and socioeconomic factors, neighbourhood disadvantage was associated with less vegetable consumption and more fast-food consumption, but not with fruit consumption. Some nutrition environmental factors were associated with both neighbourhood disadvantage and with diet. Nutrition environmental features did not mediate neighbourhood-disadvantage variations in vegetable or fast-food consumption. Conclusions: Although we found poorer diets among women living in disadvantaged neighbourhoods in Melbourne, the differences were not attributable to less supportive nutrition environments in these neighbourhoods.
Introduction
Within developed countries, few individuals meet dietary recommendations for fruits and vegetables (Magarey et al., 2006; Tamers et al., 2009) , whereas consumption of energydense foods is increasing (Guthrie et al., 2002) . These dietary behaviours increase the risk of obesity (Pereira et al., 2005; Buijsse et al., 2009) , coronary heart disease (Ness and Powles, 1997) and diabetes (Pereira et al., 2005) .
Determinants of dietary behaviours have traditionally been linked to individual characteristics such as socioeconomic position (SEP), with lower SEP associated with less healthy diets (Ball et al., 2006; Roos et al., 2008) . Recently, attention has shifted to socioeconomic differences at the neighbourhood level. Evidence of associations with neighbourhood disadvantage are mixed, with some studies showing inverse associations between neighbourhood disadvantage and dietary quality (Turrell et al., 2009) , whereas others report no difference after controlling for individual characteristics (Giskes et al., 2006) .
Where neighbourhood-level differences exist, it has been suggested that these may operate through variations in community and/or consumer nutrition environments (Glanz et al., 2005) . The 'community nutrition environment' relates to the type and location of food stores in an area, whereas 'consumer nutrition environment' relates to withinstore factors such as product availability, quality, price and opening hours. For community nutrition environments, studies have shown patterning between neighbourhood disadvantage and access to fast-food restaurants (Cummins et al., 2005; Pearce et al., 2007) ; however, no trend is decipherable for supermarkets (Pearce et al., 2008;  
Subjects and methods

Participants
These analyses are based on 1399 women participating in the Socioeconomic Status and Activity in Women (SESAW) study. Study methods have been described previously (Ball et al., 2008 (Ball et al., , 2009 ) and approval for Socioeconomic Status and Activity in Women was obtained from the Deakin University ethics committee. Women were recruited from the Australian electoral roll (voting is compulsory for all Australian adults) using a stratified random sampling procedure from 45 neighbourhoods (suburbs) of different levels of disadvantage in Melbourne, Australia. On the basis of the 2001 Census data, the Australian Bureau of Statistics assigned suburbs a Socioeconomic Index for Areas (SEIFA) score based on the index of relative socioeconomic disadvantage (Australian Bureau of Statistics 2003). The SEIFA index of relative socioeconomic disadvantage is an areabased measure that takes into account factors from a range of socioeconomic measures, including income and education. All suburbs within 30 km of the central business district were ranked according to SEIFA score, and 15 suburbs were drawn randomly from each of the lowest, middle and highest SEIFA septiles. This ensured that women from a range of socioeconomic status backgrounds were represented.
In 2004, 2400 women aged 18-65 years from these 45 suburbs were posted a survey assessing dietary behaviours and their determinants. In total, 1136 women responded (50% overall, excluding from the denominator 127 women who had moved/were ineligible): 354 from high-, 407 from mid-and 375 from low-socioeconomic status neighbourhoods. A second independent sample was drawn in the same manner for a separate physical activity survey. Women who responded to this were asked if they were also willing to complete the dietary behaviours survey. This second phase of the study resulted in an additional 444 diet surveys (42% of those completing the original physical activity survey). Excluding data from 13 women who had recently moved out of the study neighbourhoods and 168 women who had missing data on one or more of the individual-level study variables, the final sample size was 1399 (see Table 1 ). For the analysis of consumer nutrition environments, only a subset of data were used (n ¼ 928 women from 35 neighbourhoods for greengrocers; n ¼ 1082 women from 37 neighbourhoods for supermarkets), as not every participant had a store within 3 km of their home, or the stores within 3 km fell outside of the 45 suburb boundaries from within which the consumer nutrition environment information was collected.
Measures
Outcomes. Fruit and vegetable intakes were assessed separately by asking 'How many servings of (fruit/vegetables) do you usually eat each day?' (with examples of servings provided). Response options were 'none', '1 serving', '2 servings', '3-4 servings' (coded 3.5 for analyses) or '5 servings or more' (coded 5). These questions were adapted from the Australian National Nutrition Survey, in which they were shown to discriminate between groups with different fruit and vegetable intakes assessed by 24-h recall. They also show good test-retest reliability of 0.85 each (Ball et al., 2006) . Acceptable (termed 'high') fruit and vegetable consumption was defined as consuming two or more serves daily. Although Australian guidelines recommend five servings of vegetables per day, only 5% of our sample consumed this amount. Respondents were also asked how many meals per week they ate from fast-food restaurants (for example, pizza, McDonalds), with separate questions for withinrestaurant consumption and takeaway (at home, work or study) consumption. Six response categories were listed ranging from 'never' to '6-7 meals per week or more'. Responses to the within-store and takeaway were combined. The outcome variable was recoded to 'never', 'infrequent' (less than one meal per week) and 'frequent' consumption (one or more per week). These categories were guided by previous evidence that shows a higher risk of adverse health outcomes among frequent fast-food consumers compared with infrequent consumers (Pereira et al., 2005) .
Covariates. Women were asked to report on a range of sociodemographic and socioeconomic characteristics. Covariates adjusted for analyses included: age, country of birth, marital status, highest education level attained, occupation, household income and number of people dependent on that income. Exposure Community nutrition environment. Data on locations of greengrocers, major supermarkets and fast-food restaurants in and immediately surrounding the 45 neighbourhoods were sourced through extensive searches of online telephone directories, local council/government websites and company websites in 2004. Greengrocers were defined as stores that primarily sold fresh fruit and vegetables. Supermarkets were identified as belonging to one of the five large supermarket chains within Australia. Nine major fast-food restaurant chains were included: Dominos, Kentucky Fried Chicken (KFC), Hungry Jacks, McDonalds, Nandos, Pizza Haven, Pizza Hut, Red Rooster and Subway.
Geocoding of participants and food stores were undertaken using a Geographic Information System (ArcView 3.3, ESRI, Redlands, 2002) and overlaid with the road network (VicMap Transport v2004, owned and supplied by the State of Victoria). Proximity measures were calculated as road network distance between each participant's household location and the nearest store of each type (greengrocer, supermarket, fast-food restaurant). Density was measured as a count of each store type within 3 km of road network distance from each participant's household. A variety of fastfood restaurants (number of different chains within 3 km from households) was created to represent the choice of options available. The use of 3 km was based on previous findings, which suggested that the majority of people do their food shopping within this distance (Cairns, 1995) .
Consumer nutrition environment. In 2006, data were gathered during store audits on the availability and price of 15 commonly consumed fruits and 23 vegetables in 134 stores, identified as being within the boundaries of the 45 neighbourhood. These stores were assessed in analyses only if they also fell within the 3-km boundary from the participant's homes. Availability of each item was coded as a binary measure ('available' and 'not available'), and the final availability measure was calculated by tallying the total number of fruit and vegetable items available within each store.
Data were collected based on the price per kilogram, or the price per item for individually priced items (for example, mangoes), of the cheapest item available. Prices per item were converted to price per kilogram by dividing an item's price by its typical weight, obtained from a comprehensive food list software package (FoodWorks Professional, Xyris Software, Brisbane, 2007) . The mean price for each fruit and vegetable item across all stores was calculated. For each item available within a store, the cost difference between that item and the overall mean price for that item across all stores (termed the 'mean difference') was calculated. If a positive value was returned, this item was more expensive than the overall mean price for that item. For example, if the price of an apple within a store was Aus $1.20 and the overall mean price of apples across all stores was Aus $1.00, then this item was Aus $0.20 more expensive. A negative value indicated this item was cheaper than the mean. The 'mean difference' for all items in a store was summed and divided by the number of items available, resulting in a single price figure for each store. Essentially this measure reflected whether the items available were generally cheaper or more expensive than in other stores.
Opening hour information was collected by the auditors and variables were created to indicate the total opening hours on weekends, after 1730 hours (and before midnight) on weekdays, and total throughout the week.
The final availability, price and opening hour measures were calculated by averaging the consumer nutrition environment information across all stores within 3 km of each respondent's home. Proximity, density and opening hour measures were examined specific to either greengrocers or supermarkets; however, combined measures were also created to indicate the overall availability and price of fresh fruit and vegetables, independent of store type.
Statistical analysis
Descriptive and multilevel analyses were undertaken in 2009 using Stata 10.1 (StataCorp, College Station, TX, USA, 2008). In the multilevel analytical models, we used logistic regression for the fruit and vegetable outcomes and multinomial regression for fast-food consumption. To test for mediation, nutrition environment variables were added separately and changes in the odds ratios for associations between neighbourhood disadvantage and the dietary outcome were observed to assess the impact of adding each mediator to the model. In line with previously described approaches to mediation (Baron and Kenny, 1986; Cerin and Mackinnon, 2009) , mediating analysis was only conducted for environmental features that: (1) varied significantly by neighbourhood disadvantage; (2) varied in the direction such that in disadvantage neighbourhoods it would make purchasing of fruit and vegetable more difficult (for example, nearest store further away, lower fruit or vegetable availability, higher prices or reduced opening hours), or the purchasing of fast food easier; and (3) were significantly associated with the specific dietary outcome, which they were hypothesized to influence (for example, vegetable and fast-food-related mediators were not tested for fruit consumption).
Results
Descriptive Sample characteristics by neighbourhood disadvantage. Characteristics of the sample are presented in Table 1 . Women in highly disadvantaged neighbourhoods had lower individual SEP, and reported less frequent fruit and vegetable consumption and more frequent fast-food consumption.
Nutrition environment by neighbourhood disadvantage. Table 2 shows the differences in nutrition environment measures by neighbourhood disadvantage. Greengrocers were more accessible to those living in neighbourhoods with low disadvantage. Within greengrocers in highly disadvantaged neighbourhoods fruit and vegetables were cheaper, but availability and opening hours more restricted. For supermarkets in low disadvantaged, proximity and density indicated greater access, but item availability and opening hours were slightly lower. Prices of fruits and vegetables were cheapest in supermarkets in high-disadvantaged neighbourhoods. The combined measures for greengrocers and supermarkets showed lower availability and price of fruits and vegetables in high-disadvantaged neighbourhoods. For fastfood restaurants, those in high-disadvantaged neighbourhoods were less likely to live close to a fast-food restaurant and were exposed to a lower density and variety of chains than those in low-disadvantaged neighbourhoods. Nutrition environment by dietary behaviours. More frequent fruit consumers had access to a greater number of fruit products within greengrocers, as well as longer total and weekend opening hours (Table 3) . Frequent vegetable consumers lived closer to and had a higher density of greengrocers and supermarkets in their neighbourhood, and more vegetable items available within greengrocers. Fruit and vegetable price was positively associated with intake, with more frequent consumers exposed to higher prices in both greengrocers and supermarkets. Those who reported never consuming fast food were exposed to a higher density and variety of fast-food restaurants.
Multilevel mediation analyses. In models adjusted for individual SEP, fruit consumption was not associated with neighbourhood-level disadvantage. Respondents in highdisadvantaged neighbourhoods remained significantly less likely to consume two or more servings of vegetables per day after adjustment for individual SEP (Table 4) .
Environmental factors that showed significant bivariate associations in the expected direction with both neighbourhood disadvantage and vegetable consumption were added separately as mediators in multilevel regression models. The inclusion of these variables had little impact on the magnitude or significance of the association between neighbourhood disadvantage and vegetable consumption.
On comparing with those who never consumed fast food, the odds of consuming fast food infrequently (less than once per week) were higher in both the mid-and highdisadvantaged neighbourhoods relative to low-disadvantaged neighbourhoods after adjustment for individual SEP. Frequent fast-food consumption was more than twice as likely in mid-disadvantage neighbourhoods and three times more likely in high-disadvantaged neighbourhoods compared with those in low-disadvantaged neighbourhoods. The three measures of fast-food restaurant access did not indicate that exposure to fast-food restaurants was greater in high-disadvantaged neighbourhoods, thus these were not tested as mediators.
Discussion
We observed less frequent fruit and vegetable consumption and more frequent fast-food consumption among residents of neighbourhoods with greater disadvantage. However, only associations for vegetable and fast-food consumption remained significant after adjustment for individual SEP. Acknowledging the cross-sectional design does not permit causal inference, this is suggestive that fruit intake may be more influenced by individual-than by neighbourhood-level factors, which is inconsistent with previous Australian evidence (Turrell et al., 2009) . The significant associations of neighbourhood disadvantage with vegetable and fast-food consumption, on the other hand, are similar to those previously reported from Australia, the UK, the US and Europe, suggesting that certain aspects of diet are patterned by area-level disadvantage (Subar et al., 1995; Ecob and Macintyre, 2000; Shohaimi et al., 2004; Ball et al., 2006) .
We hypothesized that any associations between neighbourhood disadvantage and diet may be explained by variations in nutrition environments. However, not all environmental features indicated unhealthy diets would be more likely in high-disadvantaged neighbourhoods, particularly in relation to the price of fruits and vegetables and fastfood restaurant access. Similarly, while bivariate associations revealed aspects of the nutrition environments that were associated with diet, others were not, and not all were in the expected direction. Most notably, women exposed to higher prices ate more fruits and vegetables, and women with reduced neighbourhood exposure to fast-food stores ate fast food more often. These findings could reflect the higher individual SEP of women living in neighbourhoods where prices were higher and fast-food store access greater, as high individual SEP is associated with a range of factors that predict healthier diets such as greater nutrition knowledge and health considerations applied to purchasing (Ball et al., 2006) . Further, higher fruit and vegetable price may reflect better quality, which may relate to consumption.
Nutrition environment variables considered appropriate to test for mediation were those that differed significantly by neighbourhood disadvantage and would have made healthier dietary decisions more difficult in high-disadvantaged neighbourhoods. Of the environmental variables tested, none mediated associations between neighbourhood disadvantage and vegetable consumption. The lack of significant mediation may be owing to factors not examined. For example, taste preferences, family preferences, social norms, cultural factors or support from family or friends all impact food purchasing choices (Glanz et al., 1998; Ball et al., 2006) , and may be more important mediators than those assessed here. Alternatively, it may be that the nutrition environment was not examined with appropriate precision to detect mediation effects in this sample. For example, inclusion of other environmental characteristics (for example, presence of farmers' markets, metres square and quality of fresh produce within supermarkets and greengrocers) may have provided a more comprehensive picture of the actual environmental influences on dietary behaviours. Further, there may be problems associated with classifying supermarkets as healthy food stores owing to the large provision of unhealthy food within these (for example, energy-dense snack food and soft drinks); however, supermarkets do stock a large range of fresh produce at cheap prices. Therefore, we have considered them important in potentially encouraging fruit and vegetable consumption. In many cases, we did not observe a large exposure gradient among the nutrition environment variables, thus reducing our ability to detect mediating effects. Finally, the objective environment may not be as predictive of dietary behaviours as environmental perceptions (Giskes et al., 2007) , which could also explain the failure to identify mediation by objectively assessed environmental characteristics. In relation to past studies, similarities and differences are not easily explained, as studies vary considerably in terms of location/context, spatial area of aggregation, indicators of disadvantage, conceptualization of access, availability and price, sample characteristics and confounders. Study strengths include the objective and comprehensive assessment of both the community and consumer nutrition environments, and the simultaneous examination of both healthy and unhealthy dietary behaviours. In addition to the cross-sectional design, this study was limited by the time difference between survey data and in-store data collection (just under 2 years). However, given that we examined established urban areas, we do not expect major changes in the food environment over this period of time and there is no reason to expect that the relative differences of in-store features by neighbourhood disadvantage had varied greatly over this period. We recognize that the multilevel analysis may have been underpowered at the area level, with a large study potentially providing a greater chance of detecting area-level differences. Finally, we acknowledge the challenges related to the assessment of dietary intake. Although alternate approaches exist, such as Food Frequency Questionnaires, these can potentially result in the over-reporting of fruit and vegetable consumption (Cade et al., 2002) .
In conclusion, this study does not support the hypothesis that poorer diets among women living in disadvantaged neighbourhoods in Melbourne are attributable to less 
